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Introduction
Grass silage is -in addition to hay -an important roughage for sheep during the indoor feeding period. Since the feed unit price of silage is lower than that ofhay (Helander 1991) , the utilization of silage should be increased in order to reduce feeding costs in meat production. Silage is acceptable for feeding of pregnant and lactating ewes (Apolant and Chestnutt 1985) , whereas weaned lambs at the age of 2-5 months have been found to grow better when fed on hay rather than on silage made from the same sward (Sormunen-Cristian 1984) . Lambs fed ad libitum with only grass silage have even been found to lose weight (Saue 1968) .
Insufficient voluntary intake of silage by sheep is known to limit their growth rate as compared with hay. Some of the primary factors considered to reduce the voluntary intake of ensiled forages include, e.g., high moisture content (Wilkins et al. 1971) , low silage pH (Shaver et al. 1985) as well as high contents of shortchain fatty acids (Wilkins et al. 1971) and lactid acid (McLeod et al. 1970) . However, the low dry matter (DM) content of the forage has not always reduced the feed intake (Bull and Tampein 1974) .
The dry matter intake of silage has been found to increase along with an increase in its dry matter content (Merchen et al. 1986 ). The effect of DM content on the voluntary intake of silage has pri-marily been studied with prewilted silages. On the other hand, the effect of silage drying on payability has not been studied much.
Sodium bicarbonate has been used as an additive in silage-based diets to offset the deleterious nutritional effects of low ruminal pH. Partial neutralization of silage acidity with sodium bicarbonate has been found to increase feed intake in many studies (Erdman et al. 1980 , Kilmer et al. 1980 , Shavier et al. 1985 . However, sodium bicarbonate has not improved feed intake under all conditions. Findings have differed depending on animal species and on the way sodium bicarbonate was added and on the amounts added (Parhan and Thomas 1978) . The objective of this study was to compare the voluntary intake by sheep fed direct cut, dried silage and silage treated with sodium bicarbonate.
Material and methods
Four castrated rams of Finnish Landrace breed, aged 6.0 years (S.D. 0.02) with an average initial weight of 93.2 kg (S.D. 4.22) were allocated into four groups fed either direct cut silage (silage 1), dried silage (silage 2), and fresh silage neutralized with sodium bicarbonate (NaCH0 3 ) at a level of 8 g (silage 3) or 16 g (silage 4) per kg, respectively. The silages were offered ad libitum at 15 % refusal levels. Feed and water intakes were recorded daily throughout the experiment period of 12 weeks. The silages had been made simultaneously before mid June from similar herbage containing timothy (49 %) and meadow fescue (43 %). AIV II containing 80 % formic acid and 2 % phosphoric acid was used as an additive (5 1/t). Silage 2 was packed into gunny-sacks of 10 kg each, and artificially dried in a warm air dryer at 20-30°C for 48 hours before feeding. The purpose of drying the silage was to find out how much the feed intake increases when the dry matter content of silage is equal to that of hay. Sodium bicarbonate was mixed with silages 3 and 4 manually immediately prior to feeding.
The samples of silages were analyzed for dry matter (Huida et al. 1986 ), pH, total and water soluble nitrogen by the Kjeldahl method, ammonium nitrogen (McCullough 1967) , lactic acid (Barker and Summerson 1941) , volatile fatty acid by gas chromatography (Huida 1973) as well as for water-soluble carbohydrates (WSC) (Somogyi 1945) and ethanol (Huida 1982) . In vivo digestibility of untreated silage was determined by the total collection method with the wethers. It was assumed that digestibility did not differ significantly between the treatments (Hawkins et al. 1970 , Parhan and Thomas 1978 , Phillip 1983 ).
The experiment was designed as a 4 x 4 latin square comparison. The results were subjected to an analysis of variance. The differences between the treatments were tested using Tukey's test (Steel and Torrie 1969) .
Results and discussion
The chemical composition and feed value of the silages are shown in Table 1 . In the experiment, the DM content of dried silage was about 81.6 % compared to 21-22 % in fresh and neutralized forages. The silages were made at an early stage of grass growth and thus had a very low crude fibre content, only 22-24 % of DM, and a high crude protein content (N x 6.25), 21-24 % of DM on an average. The protein content of the dried silage was significantly (P<0.05) higher than that of the other forages. As expected, forage organic matter (OM) content was at its lowest in the neutralized silages. Ash content was increased significantly (P<0.05) by the higher level of sodium bicarbonate addition.
The quality ofeach silage was deemed to be good (Breirem and Home 1970) . The extent of fermentation is indicated by the low silage pH of 3.95, The neutralization of silage 3 with 8 g sodium bicarbonate raised the pH to 4.36 and neutralization with 16 g to 5.57 (P<0.05). Because the sodium bicarbonate was added to the silages just before feeding, the silage fermentation was not altered. Ammonium nitrogen accounted for 3.6-4.7 % of the total nitrogen. No butyric acids were encountered in the forages. The dried silage contained significantly (P<0.05) less acetic acid than the other silages. Drying reduced the volatile fatty acids in the silage Means with different supercripts are significantly different (P<0.05).
• FFU = NK f> MJ/6.91 MJ by 60 % approximately. The average amount of lactic acid in the dried silage was 4.0 % of the DM, whereas the figures were 6.9, 7.3 and 7.1 % for the untreated and neutralized silages, respectively. However, the differences between the silages were not statistically significant (P>0.05). The lactic acid content of the dried silage was almost the same before and after drying. There were distinct differences in the voluntary intakes of the different silages (Table 2 ). Both the drying of silage and its partial neutralization with sodium bicarbonate increased the DM intake by the sheep. The most favoured was dried silage with an average DM intake of 2.29 kg (71.4 g DM/kgW 0 75 ) per day during a period of 12 weeks. The sheep had the lowest appetite for fresh, untreated silage, the average daily intake being only 1.65 kg (52.4 g DM/kgW 0 75 ). Adding 16 gof NaHC0 3 increased the intake more than the addition of 8 g of NaHCO,. At the lower level of neutralization, the average DM intake was 1.70 kg (53.4 g DM/ kgW 0 75 ) and at the higher level 1.98 kg (62.7 g DM/kgW 075 ). The DM intakes in the different silage groups differed significantly (P<0.05), with the exception of silages 1 (untreated) and 3 (8 g NaHCOj). In the study by Phillip (1983) , the voluntary intake of dry matter and organic matter was enhanced by the addition of sodium bicarbonate, but the effect was not statistically significant (P>0.10). When silage pH increased from 3.95 to 5.57 with 16 g NaHC0 3 , the organic matter intake increased by 0.23 kg/day. The organic matter %. This finding differs from the results of the study conducted by Bull and Tamplin (1974) , according to which the drying of maize silage either decreased the consumption or had no effect on the appetite. On the other hand, the DM intake of prewilted silage (80.0 % DM) by sheep has been found to be nearly 29 % higher than their intake of fresh silage (22.5 % DM) (Hawkins et al. 1970 ). Wilkins et al. (1971 have found that the nitrogen content of silage correlates positively and acetic acid content negatively with intake. It was assumed also in this study that the high protein and low acetic acid content of the dried silage would have a positive effect on the dry matter intake. The partial neutralization of silage acidity with sodium bicarbonate has increased intake according to many reports (McLeod et al., Erdman et al. 1980 , Phillip 1983 , Shaver et al. 1985 , but there are exceptions (Lancester and Wilson 1975, Parhan and Thomas 1978) . In this study, the higher addition of NaCHO, increased the DM intake by 20 % and the lower by 4 %. The average response to raising the silage pH above 5 has been an increase of intake by 14.9 % with sheep (Parhan and Thomas 1978 , Lancaster and Wilson 1975 , McLeod et al. 1970 . When sodium bicarbonate was infused straight into the rumen, its effect was found to be greater than when it was fed with silage (Parhan and Thomas 1978) . Since NaHC0 3 has also improved the hay DM intake (Orth and Kaufmann 1966) , its effect has not always been linked with silage acidity.
Intake of organic matter was about 15 % higher for the animals receiving silage neutralized with 16 g bicarbonate than for those receiving the control treatment. The differences were not, however, statistically significant (P>0.05). Parhan and Thomas (1978) found that bicarbonate addition to the feed increased the sheep's OM intake by about 5 %.
Individual differences in DM intake by the animals were pronounced. Differences in the intakes of the same silage varied between 0.15-0.50 kg, the largest differences being with untreated silage and the smallest with the 16g neutralization level. An animal consuming an average of 68 g DM/kgW 075 daily gained 236 g per day during the period of 12 weeks, while the average weight gain of the others was 167 g per day.
The animals fed on dried silage gained significantly more (P<0.05) protein and energy than those on the other silage diets. Through the mere addition of NaHC0 3 , the animals acquired an average amount of 17 g and 39 gof sodium per day. Sodium was also obtained from the silages themselves, minerals and salt. The effect of NaHC0 3 on salt and mineral intakes was small.
The amount of sodium gained from neutralized silages surpassed manifold the sodium requirement of sheep. The need for sodium according to the nutrient requirement varies depending on the production stage of the animal from 1 to 4 grams daily (NRC 1985) . Despite the great excess of sodium, no health problems were encountered with the sheep. However, when applying these findings to the feeding of growing lambs, attention should be paid to the fact that the wethers were held on each of these silage diets for three weeks only.
The treatments were associated with a marked increase in water intake ( Table 2 ). The sheep offered dried silage consumed almost five times more water than those on untreated diets, 5.5 kg per day on an average. At its highest, the water consumption was 10.0 kg per day. Water intake on dried silage was significantly (P<0.05) higher than on the other diets. Water intake has been found to have a strong positive correlation with dry matter intake (Hadjipanayiotou 1981) .
Neutralization increased the average water intake by 1 kilo. The lower level of neutralization increased water intake by 76 % and the higher by 92 %. The bigger water intake reflects the higher Na content in the neutralized diets. On diets supplemented with 4 % NaHCO, water consumption has been found to increase by 16-25 % (Hadjipanayiotou 1981) . Drying increased water intake/DM kg significantly (P<0.05).
The dried silage and silage neutralized with sodium bicarbonate proved to be acceptable to the animals. The addition of sodium bicarbonate to the feed appeared to be advantageous when the diet contained a high proportion ofacid silage.
